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The Case for Stereoelectronic Axial Migration
of Hydrogen in Nonrigid Cyclohexylidenes

in Chair Conformation

Sir:

The stereochemistry of 1,2 rearrangements in carbenes is
an important mechanistic question.! Brexan-5-ylidene, a rigid
singlet cyclohexylidene in strained boat conformation, is pre-
sumed to undergo rearrangement of its exo « hydrogen 138
times faster than its endo hydrogen because migration is
greatly favored for hydrogen which is nearly parallel to the
vacant p orbital of the carbene.!T Subsequently, rearrange-
ments of a-methine hydrogen and of a-phenyl occurring 1.46
and 0,20 times as extensively in cis- than in trans-4-tert-
butyl-2-phenylcyclohexylidenes were interpreted to indicate
that such migrations occur preferentially by axial processes.!)
Recently, the migratory ratio, H(axial)/H(equatorial), of
hydrogen from the 6 positions of 4-tert-butyl-2,2-dimethyl-
cyclohexylidene was found to be 1.50.'% This result was theo-
rized, however, to involve little stereoelectronic control during
rearrangement. In conjunction with MINDO/3 or MNDO
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calculations,!' it was then suggested that the activation energy
for rearrangement of a nonrigid, chair-like cyclohexylidene
(1) in which H® migrates toward the empty carbenic orbital
with realignment of H¢ as in 2 is essentially equal to that to 3
or to alternate transition states.'!

A study is now reported of the carbenic rearrangements of
4-tert-butyl-cis-2-methoxycyclohexylidene (5) and 4-tert-
butyl-trans-2-methoxycyclohexylidene (6). These systems
indicate clearly the significance of axial stereochemical pref-
erences for migration in these conformationally restricted
cyclohexylidenes. The results also (1) raise the question that
the recent calculations for rearrangement of cyclohexylidene
may be overextended! and (2) allow definition of factors in
substituted flexible cyclohexylidenes which lead to rear-
rangement with apparent minimal stereoelectronic con-
trol, 'k

Thus 1-diazo-2-methoxy-cis-4-tert-butylcyclohexane (7),
generated in situ from sodium 2-methoxy-cis-4-tert-butyl-
cyclohexanone p-tosylhydrazonate (8),24-¢ decomposes in
diglyme?¢ at 190 °C to 5-tert-butyl-1-methoxycyclohexene
(9, 95.3%) and 3-tert-butyl-cis- 3-methoxycyclohexene (10,
4.7%) (Scheme 1), products of hydrogen migration from C-2
and C-6, respectively.2d Similar results are obtained by py-
rolysis of dry 8 at 190 °C. In contrast, thermolysis of 1-
diazo-2-methoxy-trans-4-tert-butylcyclohexane (11), as de-
rived from sodium 2-methoxy-trans-4-tert-butylcyclohexa-
none p-tosylhydrazonate (12)%-< at 190 °C in diglyme,2© gives
9 (31.4%) and 5-tert-butyl-trans-3-methoxycyclohexene (13,
54.5%) by hydrogen migration and 3-tert-butyl{methoxy-
methylene)cyclopentane (14, 14.1%) by ring contraction.2d
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Dry 12 pyrolyzes analogously at 190 °C to 9 (27.5%), 13
(62.2%), and 14 (10.2%), Methoxy migration does not occur
in rearrangement of 5 or 6.

The difference in product composition from thermolyses of
7 and 11 is striking. First, the ratio of 9 from 7 to 9 from 11 is
~3.5:1. More impressive is the occurrence of 13 as the major
product from 11; 13 times more hydrogen migration occurs
from C-6 in 6 to give 13 than from C-6 in 5 to 10 even though
the repulsive 1,3-diaxial interactions in 13 are greater than in
10. That 13 is formed in greater percentage than 9 is significant
since the methoxy group enhances carbenic migration of other
groups from the carbon atom to which it is attached.? Finally,
and of greatest interest, is that the product proportions from
7 and 11 lead to apparent migratory ratios of H* from C-2in
5to He from C-2 in 6 ranging from 35-46:1.4-¢

These results may be rationalized as follows. In 5, on the
basis of equatorial preference of its tert-butyl group and
(nearly) sp? hybridization of the carbenic center, the methine
hydrogen is presumably nearly perpendicular to the filled,
nonbonding orbital at C- 1, whereas, in 6, the methine hydrogen
is conformationally restricted to an antiplanar orientation's
as modified by the diaxial interactions of its methoxy group.
In 6, hydrogen migrates from C-6 (apparently preferentially
from an axial position) rather than from the equatorial position
at C-2 in spite of extra stabilization of positive charge and relief
of 1,3-diaxial interactions from the methoxy group. That little
rearrangement of hydrogen from C-6 occurs in 5 and that ring
contraction is observed in 6 is consistent with the effect in
which the methoxy group enhances migration of other sub-
stituents.”

The present observations thus imply that, for cyclohexyli-
denes such as 5 and 6 in chair-like conformation, transition
state 2 is more difficult to achieve than 3. A possible reason for
this is that hydrogen bridging is not highly developed in such
rearrangements and the transition states reflect much of the
structure of the reactant, 1. Thus the interaction at the vacant
orbital of the carbenic center is greater with «-axial than with
«-equatorial hydrogen. Such effects may be quite large in
systems as in § in which hydrogen has marked abilities to mi-
grate because of electronic factors.”

A remaining significant and as yet unsolvable question is
whether 9 is produced as a minor product from 6 by (1)
equatorial rearrangement as for 2 and/or (2) conversion to
twist-boat or even inverted chair forms and hydrogen migration
from pseudoaxial (as in 15) or axial positions. Rearrangement
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of equatorial hydrogen in 2 allows preservation of the chair-like
structure of the ring system and effective relief of 1,3-diaxial
interactions at carbon from which hydrogen migrates. On the
other hand, it is unlikely that 6 is conformationally fixed at 190
°C and, at a hypothetical concentration of 15 as small as 2%,

migration of a-methine hydrogen (pseudoaxial) ~15 times

faster than a-methylene hydrogen will account for 9. What is
clear, however, is that, in cyclohexylidenes in which there are
extensive diaxial repulsions, either of the above mechanisms
will account for the nearly competitive migration of equatorial
and axial a hydrogen.'k!
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Calculated by multiplying the ratio of 9:10 from 5 by the ratio of 13:9 from

6 on the basis that the products formed are related to the rate constants,

ky, for migration of the indicated H by

K{C-2in5) _ K(C-2in5) | K*(C-6in 6)
K{C-2in6) KiTS(C-Bin5)  K(C-2in 6)

and assuming that the overall rate constants for migration of H2 and H® from

C-6in 5 and 6 are essentially identical because 2-OCHj3 has small transan-

nular steric (A value = 0.5-0.7 kcal/mol) and electronic effects.

(a) On the basis that (1) H2 at C-6 in 6 is repelled by 2-OCH3? at C-2, (2) the

transition states for rearrangement of 6 (and 5) are close to reactant, and

(3) movement of H2 on C-6 into alignment with the empty p orbital at C-1 is

retarded by 2-OCH,?, conversion to 13 as in 3 may actually be depressed,

and the calculated migratory ratio may be smaller than in reality. (b) Steric

release of H2 from C-6 in 6 resulting in an enhanced rate of formation of 13

is anticipated to be minor because 2-OCH; is small and the reaction transition

state is predicted to resemble 6. Further, such steric releases in 6 would
also be expected to result in minor acceleration of formation of 9. Thus
accelerated conversions of 6 to 8 and 13 would be significantly cancelled
in their net effects. (c) If it is assumed that the percentage of 9 from 6 has
been specifically lowered totally by the conversion to 14, the migratory ratios

still calculate to be 24-34:1.

(8) On the assumption that the rearrangements have identical probability factors,
these migratory ratios correspond to activation energy differences of
~3.3-3.5 kcal/mol at 190 °C.

(7) Migration of H2 from C-2 in 5 may be enhanced because 2-OCHj;® is nearly
perpendicular to the vacant p orbital at C-1 and thus more capable of in-
ductive electron donation than is 2-OCH3;? (as in 6) to hydrogen rearrange-
ment.
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Stereochemical Course of Glycerol Kinase, Pyruvate
Kinase, and Hexokinase: Phosphoryl Transfer from
Chiral [v(S)-10,!70,13Q0]ATP

Sir:

We recently reported the stereoselective synthesis of a chiral
['¢0,'70,'#O)phosphate monoester and the independent de-
termination of the absolute configuration at phosphorus in this
molecule.!-2 We now show that the synthetic method can be
used to generate [v-190,'70,'8O)ATP of one configuration
at the y-phosphorus and that this material, when used as a
substrate in the glycerol kinase reaction, results in the for-
mation of isotopically labeled sn-glycerol 3-phosphate having
the opposite configuration at phosphorus. Since we have earlier
demonstrated that glycerol kinase, pyruvate kinase, and hex-
okinase have an identical stereochemical consequence at
phosphorus,’ we may conclude that the transformations cat-
alyzed by each of these enzymes proceed with inversion of the
configuration at phosphorus.

The synthesis of [y(5)-'90,'70,'*0]ATP is outlined in
Scheme 1, and is an adaption of our earlier approach to chiral
['0,!70,'8O]phosphate monoesters.! Reaction of ['70O]-
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